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OBJECTIVES We examined seasonal variations in mortality from acute myocardial infarction (AMI) and
stroke by age using 300,000 deaths in the Canadian Mortality Database for the years 1980 to
1982 and 1990 to 1992.
BACKGROUND The effect of age on environmental determinants of AMI and stroke is not well understood.
METHODS Seasonal variations were analyzed by month and for the four seasons (winter beginning in
December). A chi-square test was used to test for homogeneity at p , 0.01, and relative risk
ratios (RRs) for high and low periods were determined in relation to the overall mean. For
each of four age subgroups, the magnitude of the seasonal variation was reported as the
difference in mortality between the highest and lowest frequency seasons.
RESULTS By month, AMI deaths were highest in January (RR 5 1.090) and lowest in September
(RR 5 0.904), a relative risk difference of 18.6%. The seasonal mortality variation in AMI
deaths (winter vs. summer) increased with increasing age: 5.8% for ,65, 8.3% for 65 to 74,
13.4% for 75 to 84 and 15.8% for .85 years (p , 0.005 for trend). Stroke mortality peaked
in January (RR 5 1.113) and had a trough in September (RR 5 0.914), a relative risk
difference of 19.9%. The seasonal variation in stroke mortality also increased with age.
Seasonal variations were not seen in those aged ,65 years, compared with 11.6% for 65 to
74, 15.2% for 75 to 84 and 19.3% for .85 years (p , 0.005 for trend).
CONCLUSIONS The elderly demonstrate a greater winter increase in AMI and stroke mortality than younger
individuals. An understanding of these seasonal patterns may provide novel avenues for
research in cardiovascular disease prevention. (J Am Coll Cardiol 1999;33:1916–9) © 1999
by the American College of Cardiology
The influence of environmental factors on the onset and
course of cardiovascular events is not well understood.
Studies from European (1,2) and Asian (3–5) countries have
observed an increase in death rates from acute myocardial
infarction (AMI) and stroke in the winter. Reports from
North America, although restricted to small sample sizes or
to specific cities, have suggested a similar trend (6–8). It is
hypothesized that exposure to winter weather conditions
may induce physiologic stresses including sympathetic acti-
vation, hypercoagulability and infection that increase the
incidence or case fatality of AMI and stroke (1). The
elderly, with their reduced physiologic reserve, may be more
vulnerable to these influences than younger people. Data on
the effect of age on seasonal variations in AMI and stroke
are limited. We therefore investigated seasonal variations on
mortality from AMI and stroke among different age groups
in a large sample of deaths from Canada, a country with
substantial differences in temperatures between seasons.
METHODS
This study utilized data from the Canadian Mortality
Database for the years 1980 to 1982 and 1990 to 1992. The
International Classification of Diseases (9th edition) was
used to select deaths from AMI (code 410) and stroke (code
430–438). Data were analyzed by month of the year and by
season as follows: winter (December to February), spring
(March to May), summer (June to August) and autumn
(September to November). Deaths by month were corrected
for the number of days in each month. Subgroup analyses of
seasonal patterns were performed by age groups: ,65, 65 to
74, 75 to 84 and .85 years, and by gender.
The temporal distribution of deaths was tested for ho-
mogeneity with a chi-square goodness of fit (9). If differ-
ences were significant, the periods with the highest and
lowest frequency were tested to evaluate differences from the
average of all periods combined. The overall mean was set at
a relative risk (RR) of one. The seasonal variation in
mortality was expressed as the difference in RR between the
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periods with the highest and lowest mortality. The trend in
seasonal variation by age group was tested by linear regres-
sion, with age group as the independent variable. To
account for multiple comparisons, a p value of less than 0.01
was considered significant.
RESULTS
A total of 159,884 deaths from AMI and 136,157 deaths
from stroke were analyzed. The seasonal and monthly
variations are shown for all deaths by season in Figure 1 and
by month in Figure 2.
Acute myocardial infarction. Acute myocardial infarction
deaths showed significant seasonal changes overall (p ,
0.001). Deaths were highest in the winter (RR 5 1.052,
p , 0.001) and lowest in the summer (RR 5 0.954, p ,
0.001) with a seasonal variation in mortality of 9.8%. The
month with the highest AMI mortality was January (RR 5
1.090, p , 0.001), and the month with the lowest mortality
was September (RR 5 0.904, p , 0.001), with a 18.6%
difference between January and September. Seasonal varia-
tion became dramatically more pronounced with increasing
age. It was 5.8% in those ,65 years, compared with 8.3%
for ages 86 to 74, 13.4% for ages 75 to 84 and 15.8% for ages
.85 years (Fig. 3). The slope of this trend was an increase
of 3.51% in seasonal variation for every 10-year increase in
age (p , 0.005). Acute myocardial infarction deaths among
men were highest in the winter (RR 5 1.049, p , 0.001)
and lowest in the summer (RR 5 0.955, p , 0.001), with
a RR difference of 9.4%. A similar pattern was seen in
women with a winter peak (RR 5 1.056, p , 0.001) and a
summer trough (RR 5 0.953, p , 0.001) and a RR
difference of 10.3%.
Abbreviations and Acronyms
AMI 5 acute myocardial infarction
RR 5 relative risk
Figure 1. Mortality from acute myocardial infarction (AMI) and
stroke by season. Relative risks for high and low months are
compared with the average of all seasons combined. There are
significant winter peaks (AMI p , 0.001, stroke p , 0.001) and
summer troughs (AMI p , 0.001, stroke p , 0.001) in cardio-
vascular disease mortality, with a large difference in AMI (9.8%)
and stroke (14.3%) mortality between these two seasons.
Figure 2. Mortality from acute myocardial infarction (AMI) and
stroke by month. Relative risks for high and low months are
compared with the average of all months combined. For both AMI
and stroke, deaths peak in January (AMI p , 0.001, stroke p ,
0.001) and then progressively decrease to a low in September
(AMI p , 0.001, stroke p , 0.001). The difference in mortality
from January to September is 18.6% for AMI and 19.9% for
stroke.
Figure 3. Seasonal mortality variation by age at death. At younger
ages, seasonal changes have little effect on mortality from cardio-
vascular diseases. However, seasonal variations are more pro-
nounced with increasing age. Among those over 85 years old, there
were 15.8% more AMI and 19.3% more stroke deaths in the
winter than in the summer. The slope for this trend was significant
at p , 0.005 for AMI and p , 0.005 for stroke.
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Stroke. Stroke deaths also showed significant seasonal
changes overall (p , 0.001). Deaths were highest in the
winter (RR 5 1.072, p , 0.001) and lowest in the summer
(RR 5 0.929, p , 0.001) with a seasonal mortality variation
of 14.3%. By month, deaths were most frequent in January
(RR 5 1.113, p , 0.001) and fewest in September (RR 5
0.914, p , 0.001), for a RR difference of 19.9%. Seasonal
variation in mortality from stroke increased markedly with
increasing age. In those aged ,65 years, there was a RR
difference of 4.8%, which increased to 11.6% in those aged
65 to 74, 15.2% for ages 75 to 84 and 19.3% for age .85
years (Fig. 3). The slope of this trend was a 4.71% increase
in seasonal variation for every 10-year increase in age (p ,
0.005). In men, a winter peak (RR 5 1.068, p , 0.001), a
summer trough (RR 5 0.941, p , 0.001) and a RR
difference of 12.7% were observed. Women showed similar
variations, having higher death rates in the winter (RR 5
1.075, p , 0.001) than in the summer (RR 5 0.920, p ,
0.001), with a RR difference of 15.5%.
DISCUSSION
We have studied seasonal variations in cardiovascular mor-
tality using 300,000 deaths from the Canadian Mortality
Database, in the largest study of seasonal mortality thus far
in North America. A pronounced age effect in seasonal
variations of death rates was observed. Winter increases in
mortality from AMI and stroke were greater in the elderly
compared with younger individuals.
Acute myocardial infarction. In Canada, a country with
marked seasonal changes in climate, we have shown a
seasonal variation in AMI mortality of 9.8%, suggesting that
a large number of events are due to seasonal effects. Previous
studies from Europe (1,10) and Asia (3,4) have also dem-
onstrated a winter peak in cardiovascular deaths that is
consistent with our results. However, our data suggest that
age is a major determinant of the extent of environmental
influence. A graded increase in mortality from AMI with
increasing age was observed.
The mechanisms by which cardiovascular mortality in-
creases in the winter and by which age differences occur are
unclear. The winter peaks in AMI mortality have been
correlated with daily (11) and monthly (10) temperature and
shown to be greater among those with less personal protec-
tion from the cold (12). This would suggest the importance
of climatic factors, particularly temperature, in causing
seasonal variation. Climatic effects may potentially be me-
diated through increases in disease incidence or case fatality
rates.
Epidemiologic data on seasonal changes in the incidence
of AMI are limited. Two previous reports suggest that the
incidence of AMI does, in fact, peak in the winter for older
patients, whereas younger patients, particularly male pa-
tients, actually have a spring peak (1,10) in incidence.
However, these data were based on hospital admissions
records that may be subject to substantial referral biases and,
therefore, may not account for all events in a community.
Data on incidence rates from prospective cohorts are re-
quired.
On a physiologic level, knowledge of the determinants of
acute cardiovascular disease incidence is evolving. The onset
of AMI has been related to the presence of a vulnerable
plaque, plaque disruption and fissuring and superimposed
thrombosis (13). Several physiologic changes have been
identified which may increase the probability of these events
(14). Elevated lipid levels (15) and the presence of active
inflammation (16) may make plaques more vulnerable to
rupture. Disruption of plaques may be precipitated by
hemodynamic forces, especially increases in blood pressure
(17); subsequent thrombosis may be accelerated by higher
levels of fibrinogen and other procoagulants (18). It has
been shown that serum cholesterol (19), C-reactive protein
(20), blood pressure (21), fibrinogen (20,22) and factor VII
activity (20) are all higher in the winter. Elevation of these
parameters may contribute to an increased tendency toward
arterial thrombosis and a higher winter incidence of acute
coronary syndromes (14).
There are several possible mechanisms by which the
elderly may be subject to greater winter increases in AMI
incidence than younger people. The elderly may have
greater cold exposure. Exposure to cold is greater among
poorer individuals and the elderly have lower income levels
than other age groups. Alternatively, the elderly may dem-
onstrate exaggerated responses to winter weather condi-
tions, with greater increases in blood pressure and coagula-
tion parameters, or a greater likelihood of infection (23).
Further research is required to document age differences in
these seasonal physiologic changes.
The winter increase in AMI mortality may be accounted
for, at least in part, by winter increases in case fatality rates.
It may be that the rates of complications and death are
higher among patients who suffer myocardial infarction
during colder temperatures. Furthermore, the elderly, with
their decreased physiologic reserve, may be more suscepti-
ble. This hypothesis, however, remains to be tested because
data on seasonal changes in case fatality rates for AMI have
not been reported.
Stroke. Our data demonstrate a substantial seasonal varia-
tion in stroke mortality of 14.3%. A prior report from the
U.K. also suggests a winter increase in deaths from stroke
(2). Data on stroke incidence by season have been studied in
hospital admission records and population cohorts. A num-
ber of studies of hospital admission data suggest that there
is a winter peak in cerebral infarction that is not observed for
hemorrhagic strokes (24–26). Because these studies utilized
hospital admission data, they may be subject to referral bias.
Though data from population-based cohorts provide a more
accurate estimate of incidence rates, published studies thus
far are conflicting. The Framingham cohort and an Italian
stroke community registry show a winter peak in cerebral
infarction (27,28), whereas no seasonal variation in stroke
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incidence by any subtype was seen in a U.K. community-
based study (29).
If seasonal variations in incidence do not occur, then our
results suggest that patients who suffer a stroke in the winter
have a substantially worse prognosis than patients who have
a stroke at other times of the year, particularly if they are
older. Respiratory infections complicate stroke frequently.
They are more common in the winter and may contribute to
higher winter case fatality rates (2).
Limitations. This investigation utilized data from national
mortality statistics. Although these data are complete and
encompass records of all deaths in the country, vital statis-
tics databases have less diagnostic accuracy than data derived
from hospital admissions or clinical trials. On the other
hand, such diagnostic misclassifications would tend to
reduce differences between seasons and therefore, the real
differences may be more marked than our data suggest. The
use of broad diagnostic categories such as AMI and stroke
reduces the potential for misclassification.
Conclusions. We have demonstrated a greater winter in-
crease in mortality from AMI and stroke among the elderly
than younger individuals in a large North American sample.
These data suggest that environmental factors may play a
major role in the triggering of acute cardiovascular events or in
determining their outcome. An understanding of the potential
role of seasonal stresses and other physiologic mechanisms
responsible for these effects may provide novel avenues for
research in the prevention of cardiovascular disease.
Reprint requests and correspondence: Dr. Salim Yusuf, Divi-
sion of Preventive Cardiology and Therapeutics, Hamilton Gen-
eral Hospital, Hamilton, Ontario, L8L 2X2 Canada. E-mail:
yusufs@mcmaster.ca.
REFERENCES
1. Douglas AS, Dunnigan MG, Allan TM, Rawles JM. Seasonal
variation in coronary heart disease in Scotland. J Epidiol Community
Health 1995;49:575–82.
2. Haberman S, Capildeo R, Rose FC. The seasonal variation in
mortality from cerebrovascular disease. J Neurol Sci 1981;52:25–36.
3. Marshall RJ, Scragg R, Bourke P. An analysis of the seasonal variation
of coronary heart disease and respiratory disease mortality in New
Zealand. Int J Epidiol 1988;17:325–31.
4. Enquselassie F, Dobson AJ, Alexander HM, Steele PL. Seasons,
temperature, and coronary disease. Int J Epidiol 1993;22:632–6.
5. Pan WH, Li LA, Tsai MJ. Temperature extremes and mortality from
coronary heart disease and cerebral infarction in elderly Chinese.
Lancet 1995;345:353–5.
6. Rogot E, Padgett SJ. Associations of coronary and stroke mortality
with temperature and snowfall in selected areas of the United States,
1962–66. Am J Epidemiol 1976;103:565–75.
7. Bull GM, Morton J. Environment, temperature, and death rates. Age
Ageing 1978;7:210–22.
8. Anderson TW, LeRiche WH. Cold weather and myocardial infarc-
tion. Lancet 1970;1:291–6.
9. Muller JE, Stone PH, Turi ZG, et al. Circadian variation in the
frequency of onset of acute myocardial infarction. N Engl J Med
1985;313:1315–22.
10. Dunnigan MG, Harland WA, Fyfe T. Seasonal incidence and
mortality of ischemic heart disease. Lancet 1970;2:793–7.
11. Aucliciems A, Frost D. Temperature and cardiovascular deaths in
Montreal. Int J Biometerol 1989;33:151–6.
12. Eurowinter Group. Cold exposure and winter mortality from isch-
aemic heart disease, cerebrovascular disease, respiratory disease, and all
causes in warm and cold regions of Europe. Lancet 1997;349:1341–6.
13. Fuster V, Badimon L, Badimon J, Chesebro J. Mechanisms of disease.
The pathogenesis of coronary artery disease and the acute coronary
syndromes. N Engl J Med 1992;326:310–8.
14. Muller JE, Abela GS, Nesto RW, Tofler GH. Triggers, acute risk
factors and vulnerable plaques: the lexicon of a new frontier. J Am Coll
Cardiol 1994;23:809–13.
15. Brown GB, Zhao XQ , Sacco DE, Albers JJ. Lipid lowering and
plaque regression. Circulation 1993;87:1781–91.
16. Berk BD, Weintraub WS, Alexander RW. Elevation of C-reactive
protein in active coronary artery disease. Am J Cardiol 1990;65:168–72.
17. Gertz SD, Roberts WC. Hemodynamic shear force in rupture of
coronary arterial atherosclerotic plaques. Am J Cardiol 1990;66:1368–
72.
18. Rosito GBA, Tofler GH. Hemostatic factors as triggers of cardiovas-
cular events. Cardiol Clin 1996;14:239–49.
19. Gordon D, Trost D, Hyde J, et al. Seasonal cholesterol cycles: the
Lipid Research Clinics Coronary Prevention Trial Placebo Group.
Circulation 1987;76:1224–31.
20. Woodhouse PR, Khaw KT, Plummer M, Foley A, Meade TW.
Seasonal variations of plasma fibrinogen and factor VII activity in the
elderly: winter infections and deaths from cardiovascular disease.
Lancet 1994;343:435–9.
21. Brennen PJ, Greenberg G, Miall WE, Thompson SG. Seasonal
variation in arterial blood pressure. Br Med J 1982;285:919–23.
22. Stout RW, Grawford V. Seasonal variations in fibrinogen concentra-
tions among elderly people. Lancet 1991;338:9–13.
23. Collins KJ, Easton JC, Belfield-Smith H, Exton-Smith AN, Pluck
PA. Effect of age on body temperature and blood pressure in cold
environments. Clin Sci 1985;69:465–70.
24. Sobel E, Zhang Z, Alter M, et al. Stroke in the Lehigh Valley:
seasonal variation in incidence rates. Stroke 1987;18:38–42.
25. Gill JS, Davies P, Gill SK, Beevers DG. Wind-chill and the seasonal
variation of cerebrovascular disease. J Clin Epidemiol 1988;41:225–30.
26. Biller J, Jones MP, Bruno A, Adams HP, Banwart K. Seasonal
variation in stroke—does it exist? Neuroepidemiology 1988;7:89–98.
27. Kelly-Hayes M, Wolf PA, Kase CS, Brand FN, McGuirk JM,
D’Agostino RB. Temporal patterns of stroke onset. The Framingham
Study. Stroke 1995;26:1343–7.
28. Ricci S, Celani MG, Vitali R, LaRosa F, Righetti E, Duca E. Diurnal
and seasonal variations in the occurrence of stroke: a community based
study. Neuroepidemiology 1992;11:59–64.
29. Rothwell PM, Wroe SJ, Slattery J, Warlow CP. Is stroke incidence
related to season or temperature? Lancet 1996;347:934–6.
1919JACC Vol. 33, No. 7, 1999 Sheth et al.
June 1999:1916–9 Winter Mortality From AMI and Stroke
